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Abstract 

The regimen of cytarabine, aclarubicin and G-CSF (CAG) has been widely used in China and Japan for treatment of 
acute myeloid leukemia (AML) and myelodysplastic syndrome (MDS). We searched literature on CAG between 1995 
and 2010 and performed a meta-analysis to determine its overall efficacy using a random-effects or fixed-effects 
model. Thirty five trials with a total of 1029 AML (n = 814) and MDS (n = 215) patients were included for analysis. 
The CR rate of AML (57.9%) was significantly higher than that of MDS (45.7%) (p < 0.01). No difference in CR was 
noted between the new (56.7%) and relapsed/refractory AML (60.1%) (p > 0.05). The CR rate was also significantly 
higher in patients with favorable (64.5%) and intermediate (69.6%) karyotypes than those with unfavorable one 
(29.5%) (p < 0.05). Remarkably, the CR rate of CAG was significantly higher than those of non-CAG regimens (odds 
ratio 2.43). CAG regimen was well tolerated, with cardiotoxicity in 2.3% and early death in 5.2% of the cases. In 
conclusion, CAG regimen was an effective and safe regimen for the treatment of AML, and may be more effective 
than non-CAG regimens. Randomized controlled trials are strongly recommended to evaluate its efficacy and safety 
in comparison with the current standard treatment. 
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Introduction 

Intensive chemotherapy can achieve complete remission 
(CR) in 60% - 80% of patients with newly diagnosed de 
novo acute myeloid leukemia (AML) [1,2]. However, 
current therapy is still unsatisfactory in patients with 
high-risk AML including elderly, relapsed, refractory, 
and secondary AML. Intensive chemotherapy is gener- 
ally unsatisfactory in these patients because of drug 
resistance, poor performance status (PS), dysfunction of 
multiple organs, and high treatment-related toxicities, 
leading to high early death (ED) rate [3-6]. Novel agents 
and regimens are being developed for this group of 
patients [2,7-10]. 
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Aclarubicin is an oligosaccharide anthracycline, and an 
antineoplastic antibiotic. It can intercalate into DNA 
and interact with topoisomerase I and II, thereby inhi- 
biting DNA replication and DNA repair [11]. This agent 
is less cardiotoxic than doxorubicin and daunorubicin 
[12,13]. In 1995, a Japanese group reported a new che- 
motherapy regimen for AML treatment, which inte- 
grated granulocyte colony-stimulating factor (G-CSF) 
priming into the combination of low-dose cytarabine 
(Ara-C) and aclarubicin (CAG regimen) [14]. The CAG 
regimen consists of low-dose Ara-C 10 mg/m 2 , SQ Q12 
hr on days 1-14, aclarubicin 7 mg/m 2 , QD on days 1-8, 
or 14 mg/m 2 , IV QD on days 1-4, and G-CSF 200 ug/ 
m 2 , SQ QD on days 1-14. The rationale for the regimen 
includes: (1) G-CSF priming has been found to preferen- 
tially potentiate Ara-C and anthracycline- mediated 
cytotoxicity on AML cells and AML progenitor cells 
(CFU-AML), presumably by enhancing GO resting AML 
cells into the cell cycle [15]; (2) prolonged exposure to 
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low-dose Ara-C and G-CSF can lead to preferential kill- 
ing of CFU-AML [16]; (3) Aclarubicin is effective 
regardless of multi-drug resistance gene status [17]; (4) 
CAG combination may inhibit the self-renewal capacity 
of CFU-AML and leukemia stem cells [18]. Since then, 
CAG regimen has been used to treat AML and myelo- 
dysplastic syndrome (MDS) patients widely, particularly 
for high-risk and elderly patients, in China and Japan. 
However, the overall efficacy and safety of CAG regimen 
have not been adequately evaluated. All published stu- 
dies on CAG were small phase II studies with significant 
variation in clinical outcomes. In this study, we per- 
formed a systematic review and meta-analysis to assess 
the overall treatment efficacy and the adverse events of 
the CAG regimen. 

Materials and methods 

Data source 

The databases of PubMed, Wanfang Data, as well as 
American Society of Hematology (ASH) and American 
Society of Clinical Oncology (ASCO) annual meeting 
abstracts were searched for articles published in English, 
Chinese and Japanese languages between January 1995 
and December 2010. Eligible studies were relevant clini- 
cal trials on AML and MDS patients treated with CAG 
regimen. Key words used were CAG, chemotherapy, leu- 
kemia, and MDS. An independent search using the cita- 
tion database Wanfang Data (http://www.wanfangdata. 
com) was also performed to identify those publications 
in Chinese only. 

Study selection 

The publications identified were carefully screened. Pre- 
clinical studies, case reports and reviews were excluded. 
Several reports had duplicate or overlapping informa- 
tion. Only the latest updated reports were included for 
meta-analysis. For two studies by Qian's group [19,20], 
it was impossible to decipher whether duplicate or over- 
lapping information was used. These were treated as 
individual studies. Efforts also were made to contact the 
Chinese investigators to clarify study issues. We also 
contacted Japanese investigators to obtain original publi- 
cations in Japanese with English abstracts. 

Clinical endpoints 

We extracted details on study characteristics, patient 
characteristics, treatment information, results and fol- 
low-up from the selected trials. Two investigators 
reviewed the data independently (GW and DL). The pri- 
mary end point of the meta-analysis was CR rate. AML 
CR was defined using the criteria developed by an Inter- 
national Working Group [21]. The criteria for refractory 
and relapsed AML were described previously [22]. The 
criteria for karyotype classification have evolved over the 



past decades [4,23,24]. In general, the 35 studies chosen 
for final analysis followed the standard definitions 
described above. CR rates and side effects were carefully 
reviewed and compiled. Two major side effects, cardio- 
toxicity and early death (ED), were chosen for further 
analysis since these two toxicities are generally more 
objective. In studies which did not clearly define the cri- 
teria of cardiotoxicity, the toxicity was counted as being 
present when a study reported mortality cases due to 
cardiac causes. There were different criteria for ED defi- 
nition among the studies. All deaths of any cause within 
8 weeks of induction therapy were counted as ED in 
this meta-analysis since most of the early death reports 
in this series were within 8 weeks of induction therapy. 
This would also reduce the chance of under-reporting 
the toxicity. Standard age definitions were used, i.e. 
young AML: age < = 60; Elderly AML: age >60. 

Statistical analysis 

All statistical analyses were performed using version 2 of 
the Comprehensive MetaAnalysis program (Biostat, Eng- 
lewood, NJ, USA). The CR rates of patients treated with 
CAG regimen were directly extracted from individual 
studies. For subgroup analysis of patients with newly 
diagnosed, refractory/relapsed AML, and MDS or AML 
transformed from MDS (MDS/t-AML) patients, numbers 
of patients in CR were extracted from individual studies 
and CR rates were recalculated from the derived data. 
For studies with a control group, the odds ratio (OR) of 
CR rates was also calculated. For the meta-analysis, both 
fixed-effects and random-effects models were considered. 
For each meta-analysis, the Cochrane's Q statistic was 
first calculated to assess the heterogeneity of the included 
studies. For p values less than 0.1, the assumption of 
homogeneity was deemed invalid, and the random-effects 
model was used only after substantial efforts were made 
to explore the possible reasons for the heterogeneity. 
Otherwise, data were assessed using both fixed-effects 
and random-effects models. We used the Begg and Egger 
tests to evaluate the presence of publication bias regard- 
ing the primary end point CR rates. A two-tailed p value 
of less than 0.05 was deemed statistically significant. All 
the statistical analyses were done by GW and DL. 

Results 

Selection of studies 

Using the key words, our search yielded a total of 135 
studies on CAG. Fifty seven studies were irrelevant to 
CAG regimen trials, and were excluded. Another 32 stu- 
dies were eliminated due to inadequate information, 
duplicate and/or overlap reporting. Nine case reports and 
2 studies focus on other kinds of leukemia were also 
excluded. A total of 35 clinical studies were eligible for 
inclusion and were used for final meta-analysis (Figure 1). 
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I review 

18 experimental and basic researches 
22 focus on other drug/regimens 

II focus on other diseases 
5 nursing care 



78 articles retrieved 
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43 excluded after full text review 
9 case report 

21 duplicate/overlap reports 
11 with inadequate information 
2 focus on other kinds of leukemia 


► 

r 


35 articles for final meta-analysis 





Figure 1 Flow chart for study selection in the meta-analysis 



Characteristics of studies included in the meta-analysis 

Thirty five trials were included in the present analysis, 
with a total of 1029 patients accrued. Characteristics of 
the 35 trials are listed in Tables 1 and 2. Twenty three 
of the studies were on AML. Six of the studies focused 
on MDS. The rest 6 studies enrolled both AML and 
MDS patients. A total of 814 AML patients were 
accrued in 29 studies. Among the 814 AML patients, 
327 patients had newly diagnosed AML, 370 patients 
were relapsed/refractory (R/R) AML. AML status of 117 
patients was not specified in 7 studies [19,20,25-29]. 
The age varied widely, ranging from 15 to 88 years old. 
Two studies did not indicate the age range (Table 1). 
Unfortunately, median age was not specified in most 
studies. Among the 814 patients, 367 were elderly AML 
patients (45.1%). Cytogenetic characteristics from 203 
AML patients were reported in 6 studies. These patients 
were grouped into 3 categories according to the karyo- 
types: favorable, intermediate and unfavorable. CAG 
regimen was compared to historical controls using non- 
CAG induction regimens in 7 studies with 327 patients. 
The number of CAG cycles was clearly reported in 17 
studies involving 397 patients, of whom 144 (36.2%) 
were induced twice with CAG. 



Efficacy of CAG regimen for all AML and high-risk MDS/ 
transformed AML 

The heterogeneity test of CR event rates from the 35 stu- 
dies revealed Q 59.431, p 0.025, I 2 32.695, indicating the 
CR event rates were highly variable. Therefore, the CR 
event rates were calculated using the random-effects 
model (Figure 2). The overall CR rate for the 1029 patients 
was 53.7% (95% CI, 49.796-57.6%). Data available from 29 
trials with 814 AML patients showed that the CR rate was 
57.9% (95% CI, 53.096-62.7%). As for the 215 patients with 
MDS and transformed AML (MDS/t-AML) from 12 trials, 
the CR rate was 45.7% (95% CI, 39.0%-52.4%) (Figure 2). 

We also compared CAG in AML versus MDS. The 
higher CR rate in AML (57.9%) than in MDS (45.7%) 
was statistically significant (p = 0.004) (Figure 2). This is 
in agreement with the past observations that AML 
responds better to chemotherapy in general than MDS. 

Among AML patients, the median OS was 15 months 
(range 9-28 months). The number of CAG cycles was 
specified in 17 studies involving 397 patients, of whom 
144 (36.2%) were induced twice with CAG. Of the 
patients who received one cycle, 46.60% (185/397) went 
into CR, another 8.31% (33/397) of the patients achieved 
CR after re-induction with CAG. 



Publication bias 

No evidence of publication bias was detected for the pri- 
mary end point, CR, of this study by either the Begg or 
Egger test (Begg test, p = 0.35; Egger test, p = 0.15). 



Efficacy of CAG regimen for newly diagnosed vs relapsed/ 
refractory AML 

There were a total of 327 new AML patients from 14 
studies, and 370 patients with relapsed/refractory (R/R) 
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Table 1 Efficacy, cardiotoxicity and early death rate of CAG in AML 



Study (ref) 


Year 


No. 
Patients 


Median age 
(range) 


Aclarubicin dosage 


AML 

No. 


AML CR 

No. 


AML CR 

% 


OS (m) 
(range) 


CT 

No. 


ED 

No. 


Yamada [14] 


1995 


18 


44 (18-74) 


10-14 mg/m 2 x 4d 


18 


15 


83 


17 (2-28) 


0 


0 


Saito [35] 


1995 


18 


NR(18-74) 


10 or 14 mg/m 2 x 4d 


18 


15 


83 


15 (1-35) 


1 


0 


Saito [36] 


1996 


28 


NR( 18-74) 


10 or 14 mg/m 2 x 4d 


28 


24 


86 


17 (1-47) 


0 


0 


Tabata [37] 


1998 


76 


NR(60-83) 


14 mg/m 2 x 4d 


8 


5 


63 


NA 


NA 


NA 


Saito [38] 


2000 


69 


51 (15-82) 


10 or 14 mg/m 2 x 4d 


51 


31 


62 


NA 


0 


0 


Hirayama 
[39] 


2003 


18 


NR(65-80) 


14 mg/m 2 x 4d 


9 


6 


67 


9 (1-43) 


0 


1 


Li [26] 


2005 


112 


47 (15-81) 


14 mg/m 2 x 4d or 8 mg/m 2 
x 8d 


99 


44 


44 


NA 


0 


1 


Kong [40] 


2005 


20 


NR( 18-80) 


10-14 mg/m 2 x 4d 


20 


1 1 


55 


NA 


0 


0 


\/_ „ r a 1 "i 

Yang [41] 


2005 


16 


NR(60-82) 


6 mg/m 2 x 8d 


16 


9 


56 


NA 


0 


1 


Huang [25] 


2005 


30 


NR(15-67) 


5-7 mg/m 2 x 8d 


30 


22 


73 


NA 


0 


1 


Qian [19] 


2005 


21 


NK(1 5-81 ) 


10 mg/d x 8d 


21 


14 


67 


NA 


0 


2 


Xie [42] 


2006 


25 


n i n/r r -7r>\ 

NR(55-78) 


1 0 mg/m 2 x 4d 


25 


1 2 


48 


NA 


0 


3 


Liu [27] 


2006 


1 3 


NR(1 8-77) 


10-14 mg/m 2 x 4d 


1 3 


5 


39 


NA 


0 


0 


Wang [43] 


2006 


1 1 


NR(25-72) 


10 mg/m 2 x 8d 


1 1 


4 


36 


NA 


0 


0 


\ A /. . V A Al 

Wu [44] 


2007 


15 


N 1 D I r C\ O A \ 

NR (60-84) 


7 mg/m 2 x 8d 


1 5 


8 


53 


NA 


1 


1 


Qian [20] 


2007 


50 


65 (60-81) 


10 mg/d x 8d 


50 


29 


58 


14 (1-60) 


0 


4 


Su [29] 


2007 


16 


NR 


20 mg/d x 4d 


16 


9 


56 


NA 


0 


0 


Guo [45] 


2007 


8 


NR(18-56) 


5-7 mg/m 2 x5d 


8 


4 


50 


NA 


0 


0 


Chen [46] 


2008 


75 


NR(60-85) 


10 mg/d x 8d 


34 


23 


68 


NA 


0 


0 


Sang [47] 


2008 


45 


NR(60-73) 


7 mg/m 2 x 8d 


23 


9 


39 


NA 


0 


1 


Bian [48] 


2008 


46 


NR(1 8-72) 


10-14 mg/m 2 x 4d 


26 


20 


77 


NA 


0 


0 


Chai [49] 


2009 


17 


NR 


15 mg/m 2 x7d 


17 


8 


47 


NA 


0 


0 


Zhu [50] 


2009 


50 


NR(15-69) 


1 0 mg/d x 8d 


30 


14 


47 


NA 


0 


1 


Ni [51] 


2009 


70 


NR(22-85) 


14 mg/m 2 x 4d 


61 


34 


56 


28 (1-89) 


0 


3 


Feng [52] 


2010 


32 


NR(60-74) 


5-7 mg/m 2 x 8d 


16 


9 


56 


NA 


0 


0 


Ma [28] 


2010 


31 


NR(19-71) 


14 mg/m 2 x 4d 


26 


14 


54 


NA 


0 


0 


Li [53] 


2010 


38 


NR(19-61) 


5-7 mg/m 2 x 8d 


18 


14 


78 


NA 


0 


0 


Liang [54] 


2010 


54 


NR( 17-82) 


5-7 mg/m 2 x 8d 


39 


21 


54 


NA 


1 


7 


Suzushima 
[55] 


2010 


68 


76 (60-88) 


14 mg/m 2 x 4d 


68 


33 


49 


9 (0-56) 


NA 


15 



Abbreviations: AML: acute myeloid leukemia; Ref: references; NA: not available; NR: not reported; *: total number of AML and MDS patients; m: month; CR: 
complete remission; OS: overall survival; CT: cardiotoxicity; ED: early death; CAG: cytarabine, aclarubicin and G-CSF. 



AML from 15 studies. Four of these studies enrolled 
both new and R/R AML (Table 3 and Figure 3). These 
four studies were separated into new and R/R AML 
groups for meta-analysis. Another seven studies did not 
specify AML status of the rest 117 patients. These 117 
patients were therefore excluded for this comparison 
(Table 3). The heterogeneity test of CR event rates of 
these studies revealed Q 48.608, p 0.009, I 2 42.396, indi- 
cating the CR event rates were highly variable. There- 
fore, the CR event rates were calculated using the 
random-effects model (Figure 3). The CR rate for the 
newly diagnosed AML patients was 56.7% (95% CI, 
51.1%-62.0%). The CR rate of the 370 R/R AML patients 



was 60.1% (95% CI, 50.5%-68.9%) (Figure 3). Interest- 
ingly, no significant difference in CR rate was noted 
between the newly diagnosed and R/R AML patients (p 
= 0.539) (Table 3 and Figure 3), suggesting that this 
novel regimen may overcome AML resistance. 

CR rates in AML patients according to karyotypes 

Cytogenetic characteristics from 203 AML patients were 
reported in 6 studies (Table 4). The heterogeneity test 
of CR event rates revealed Q 35.323, p 0.004, I 2 54.707, 
indicating the CR event rates were highly variable. 
Therefore, the CR event rates were calculated using the 
random-effects model (Figure 4). The CR rates were 
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Table 2 Efficacy, cardiotoxicity and early death rate of CAG in MDS/t-AML 



Study (ref) 


Year 


No. 
Patients * 


Median age (range) 


Aclarubicin dosage 


MDS/t-AML No. 


CR No. 


CR % 


CT No. 


ED No. 


C '.4-^ 1""") oi 

baito [38J 


2000 


69 


51 (15-82) 




10 or 14 mg/m x 4d 


18 


8 


44 


0 


0 


Li [26] 


2005 


1 1 2 


47 (15-81) 


14 mg/m 2 x 4d or 8 mg/m 2 x 8c 


I 13 


5 


39 


0 


0 


Sui [56] 


2008 


1 7 


NK(26-73) 


10-14 mg/m 2 x 4d 


1 7 


6 


35 


0 


0 


Jin [57] 


2008 


14 


NK(38-78) 


1 0-14 mg/m 2 x 4d 


14 


6 


43 


0 


0 


utriiy LjoJ 


1009, 
ZUUO 


jy 


INnpz / o) 


d o iiiy/iii x/u 


1 f> 
I o 


Q 


« 
j j 


u 


u 


Su [59] 


2009 


33 


60 (28-77) 


1 0 mg/d x 8d 


33 


14 


42 


1 


0 


Ni [51] 


2009 


70 


NR(22-85) 


14 mg/m 2 x 4d 


9 


5 


56 


0 


1 


Ma [28] 


2010 


31 


NR(19-71) 


14 mg/m 2 x 4d 


5 


3 


60 


0 


0 


Li [60] 


2010 


20 


NR(36-74) 


5-7 mg/m 2 x 8d 


20 


9 


45 


0 


0 


Zhu [61] 


2010 


46 


54 (31-72) 


10 mg/m 2 x 8d 


28 


13 


46 


0 


0 


Chen [62] 


2010 


27 


NR(21-72) 


1 0 mg/d x 8d 


27 


15 


56 


0 


0 


Liang [54] 


2010 


54 


NR(17-82) 


5-7 mg/m 2 x 8d 


15 


5 


33 


0 


2 



Abbreviations: AML: acute myeloid leukemia; MDS: myelodysplastic syndrome; MDS/tAML: MDS or MDS transformed AML; Ref: references; NR: not reported; *: 
total number of AML and MDS patients; CR: complete remission; OS: overall survival; CT: cardiotoxicity; ED: early death; CAG: cytarabine, aclarubicin and G-CSF. 



64.5% (95% CI, 38.8%-83.9%), 69.6% (95% CI, 60.4%- 
77.5%) and 29.5% (95% CI, 19.796-41.8%) in favorable, 
intermediate and unfavorable groups, respectively. Sta- 
tistical difference of the CR rates was noted between the 
favorable and unfavorable groups (p = 0.018) as well as 
between the intermediate and unfavorable groups (p < 
0.001). No significant difference was present between 
the favorable and intermediate groups (p = 0.705) (Fig- 
ure 4). 

CAG vs non-CAG regimens for AML induction 

Using historical controls, CAG regimen was compared 
with non-CAG regimens for AML induction in 7 trials. 
165 patients were treated with CAG, 162 were induced 
with non-CAG regimens (the regimen details are pro- 
vided in the Table 5). The heterogeneity test of CR 
event rates from the 7 studies revealed Q 3.631, p 0.726, 
I 2 <0.001, indicating that there was no significant varia- 
tion among the 7 studies. Therefore, the CR event rates 
were calculated using the fixed-effects model (Figure 5). 
Surprisingly, the CR rate of CAG was significantly 
higher than those of other regimens, with an odds ratio 
of 2.43 (95% CI, 1.52-3.88) (Figure 5). 

Cardiotoxicity and early death rate of CAG 

The toxicity of CAG in all reports was generally mild. 
Cardiotoxicity data were reported in 33 studies with 953 
patients, and ED was reported in 34 studies with 1021 
patients. Cardiotoxicity rate was 2.3% (95% CI, 1.5%- 
3.6%) (actuarial rate 0.42%, 4/953) (Tables 1 and 2, Fig- 
ure 6). ED rate was 5.2% (95% CI, 3.596-7.6%) (actuarial 
rate 4.31%, 44/1021) (Tables 1 and 2, Figure 7). Among 
AML patients, the cardiotoxicity rate was 2.4% (95% CI, 
1.596-4.0%) (actuarial rate 0.41%, 3/738), and ED rate 



was 5.9% (95% CI, 3.9%-8.8%) (actuarial rate 5.09%, 41/ 
806). Most of the death was caused by severe infection, 
cardiopulmonary dysfunction or cerebral hemorrhage. 

Discussion 

CAG regimen was originally designed in Japan for the 
treatment of relapsed AML patients in 1995. It quickly 
became popularized in China for the treatment of high- 
risk AML and MDS patients due to relatively mild toxi- 
city. Most of the studies were single-center non-rando- 
mized trials with small sample size. CAG has not been 
systematically compared with other induction regimens. 
In this meta-analysis, 1029 patients with AML and MDS 
were treated with CAG regimen. Two findings on CR 
rate for AML are quite intriguing. Number one, there 
was no significant differences in CR rates between new 
(56.7%) and relapsed/refractory (60.1%) AML. This is 
surprising since the CR rate is generally lower for R/R 
than new AML. One possibility is that this novel CAG 
regimen can overcome the drug resistance of the R/R 
AML clone and lead to high CR rate. Alternatively, it 
may be that the first-line induction therapy was substan- 
dard in these patients from diverse institutions with dif- 
ferent supportive care standards. Therefore, the relapsed 
and refractory AML was still sensitive to alternative che- 
motherapy. The CR rate of CAG (56.7%) for new AML 
appears to be slightly lower than the CR rate of standard 
"3+7" regimen (daunorubicin 45 mg/m 2 + Ara-C 100 
mg-200 mg/m 2 ) (57%-65%) [5,7,30,31] (Table 6). How- 
ever, there have been no randomized studies, it is there- 
fore not clear whether CAG is as effective as "3+7". 

The second finding is that, as frontline AML regimen, 
CAG induced higher CR rate in AML than non-CAG 
regimens (p < 0.001, odds ratio 2.43 favoring CAG). The 
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Group bv 


Studv name 


Statistics for each studv 




tumor type 




Event 


Lower 


Upper 








rate 


limit 


limit 


Total 


AML 


Yamada (1995) 


0.833 


0.591 


0.945 


15/18 


AML 


Saito (1995) 


0.833 


0.591 


0.945 


15/18 


AML 


Saito (1996) 


0.857 


0.676 


0.945 


24/28 


AML 


Tabata (1998) 


0.625 


0.285 


0.875 


5/8 


AML 


Saito (2000) 


0.608 


0.469 


0.731 


31 /51 


AML 


Hirayama (2003) 


0.667 


0.333 


0.889 


6/9 


AML 


Li (2005) 


0.444 


0.350 


0.543 


44 / 99 


AML 


Kong (2005) 


0.550 


0.336 


0.747 


11/20 


AML 


Yang (2005) 


0.563 


0.324 


0.775 


9 / 16 


AML 


Huang (2005) 


0.733 


0.550 


0.861 


22/30 


AML 


Qian (2005) 


0.667 


0.447 


0.832 


14/21 


AML 


Xie (2006) 


0.480 


0.296 


0.669 


12/25 


AML 


Liu (2006) 


0.385 


0.170 


0.656 


5/13 


AML 


Wang (2006) 


0.364 


0.143 


0.661 


4/11 


AML 


Wu (2007) 


0.533 


0.293 


0.759 


8/15 


AML 


Qian (2007) 


0.580 


0.441 


0.708 


29/50 


AML 


Su (2007) 


0.563 


0.324 


0.775 


9/16 


AML 


Guo (2007) 


0.500 


0.200 


0.800 


4/8 


AML 


Chen (2008) 


0.676 


0.505 


0.811 


23/34 


AML 


Sang (2008) 


0.391 


0.218 


0.598 


9/23 


AML 


Bian (2008) 


0.769 


0.572 


0.892 


20/26 


AML 


Chai (2009) 


0.471 


0.255 


0.697 


8/17 


AML 


Zhu (2009) 


0.467 


0.299 


0.642 


14/30 


AML 


Ni (2009) 


0.557 


0.432 


0.676 


34/61 


AML 


Feng (2010) 


0.563 


0.324 


0.775 


9/16 


AML 


Ma (2010) 


0.538 


0.350 


0.716 


14/26 


AML 


Li (2010) 


0.778 


0.535 


0.914 


14/ 18 


AML 


Liang (2010) 


0.538 


0.383 


0.686 


21 /39 


AML 


Suzushima (2010) 


0.485 


0.369 


0.603 


33 / 68 


AML 




0.579 


0.530 


0.627 


466/814 


MDS 


Saito-A (2000) 


0.444 


0.240 


0.670 


8/18 


MDS 


Li-A (2005) 


0.385 


0.170 


0.656 


5/13 


MDS 


Sui (2008) 


0.353 


0.168 


0.596 


6/17 


MDS 


Jin (2008) 


0.429 


0.206 


0.684 


6 / 14 


MDS 


Deng (2008) 


0.563 


0.324 


0.775 


9/16 


MDS 


Su (2009) 


0.424 


0.270 


0.595 


14/33 


MDS 


Ni-A (2009) 


0.556 


0.251 


0.823 


5/9 


MDS 


Ma-A(2010) 


0.600 


0.200 


0.900 


3/5 


MDS 


Li-A (2010) 


0.450 


0.253 


0.664 


9/20 


MDS 


Zhu (2010) 


0.464 


0.292 


0.646 


13/28 


MDS 


Chen (2010) 


0.556 


0.369 


0.728 


15/27 


MDS 


Liang-A(2010) 


0.333 


0.146 


0.594 


5/15 


MDS 




0.457 


0.390 


0.524 


98/215 


Overall 




0.537 


0.497 


0.576 


564/1029 


Test of heterogeneity: 












Q=59.431, p=0.025, l 2 = 


=32.695 











Event rate and 95% C I 



0.00 0.50 1.00 

CR rates of CAG regimen 
(1 = 100%) 



Figure 2 Comparison of CR rates of CAG regimen in AML and MDS patients-Forest plot of CR event rates. Summary CR rates of CAG 
regimen were calculated using the random -effects model. Horizontal lines through the squares represent 95% CIs. The diamonds represent the 
overall CR event rate from the meta-analyses and the corresponding 95% CIs. The studies that enrolled both AML and MDS were separated into 
two groups for this analysis, indicated by "-A". Abbreviations: AML: acute myeloid leukemia; MDS: myelodysplastic syndrome; CI: confidence 
interval; CR: complete remission; CAG: cytarabine, aclarubicin and G-CSF. 



non-CAG regimens included anthracyclines plus Ara-C 
in 5 studies (AA regimens), and homoharringtonine plus 
Ara-C (HA regimen) in two other studies. HA is only 
used in China [32]. When CAG was compared with the 
5 AA regimens, CAG remains superior to the AA regi- 
mens in CR rate (p < 0.001, odds ratio 2.73, 95% CI 
1.61-4.64). However, the studies were not randomized, 
and the comparisons in those studies were made with 
historical controls. It is therefore worthwhile to compare 



CAG regimen with standard anthracycline plus Ara-C in 
a prospective randomized study. 

In this meta-analysis, the CR rate of CAG regimen for 
high-risk MDS/t-AML patients was 45.7% (95% CI, 
39.0%-52.4%). Aza-001 trial, a prospective randomized 
study, compared azacitidine with conventional care regi- 
men (best supportive care, low dose Ara-C, or intensive 
chemotherapy "3+7") in higher-risk MDS patients [33]. 
The CR rate was 17% and 36% in the azacitidine group 
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Table 3 Efficacy of CAG in newly diagnosed, relapsed and 
refractory AML 



Study (ref) 


Year 


Newly diagnosed 
AML 




R/R AML 








No. 
Patients 


CR 

No. 


CR 

% 


No. CR 
Patients No. 


CR 

% 


Yamada [14] 


1995 


NA 


NA 


NA 


18 


15 


83 


Saito [35] 


1995 


NA 


NA 


NA 


18 


15 


83 


Saito [36] 


1996 


NA 


NA 


NA 


28 


24 


86 


Tabata [37] 


1998 


8 


5 


63 


NA 


NA 


NA 


Saito [38] 


2000 


8 


5 


63 


43 


30 


70 


Hirayama [39] 


2003 


9 


6 


67 


NA 


NA 


NA 


Li [26] 


2005 


NA 


NA 


NA 


80 


38 


47 


Kong [40] 


2005 


20 


11 


55 


NA 


NA 


NA 


Yang [41] 


2005 


16 


9 


56 


NA 


NA 


NA 


Xie [42] 


2006 


25 


12 


48 


NA 


NA 


NA 


Wang [43] 


2006 


NA 


NA 


NA 


11 


4 


36 


Wu [44] 


2007 


15 


8 


53 


NA 


NA 


NA 


Qian [20] 


2007 


35 


23 


66 


12 


5 


40 


Guo [45] 


2007 


NA 


NA 


NA 


8 


4 


50 


Chen [46] 


2008 


34 


23 


68 


NA 


NA 


NA 


Sang [47] 


2008 


23 


9 


39 


NA 


NA 


NA 


Bian [48] 


2008 


NA 


NA 


NA 


26 


20 


77 


Chai [49] 


2009 


NA 


NA 


NA 


17 


8 


47 


Zhu [50] 


2009 


NA 


NA 


NA 


30 


14 


46 


Ni [51] 


2009 


27 


19 


70 


34 


15 


44 


Feng [52] 


2010 


16 


9 


56 


NA 


NA 


NA 


Ma [28] 


2010 


NA 


NA 


NA 


11 


6 


55 


Li [53] 


2010 


NA 


NA 


NA 


18 


14 


78 


Liang [54] 


2010 


23 


14 


61 


16 


7 


44 


Suzushima 
[55] 


2010 


68 


33 


49 


NA 


NA 


NA 



Abbreviations: AML: acute myeloid leukemia; MDS: myelodysplastic syndrome; 
Ref: references; NA: not available; m: month; CR: complete remission; OS: 
overall survival; CAG: cytarabine, aclarubicin and G-CSF. 



and "3+7" group, respectively. Yet azacitidine led to pro- 
longed overall survival in the high-risk MDS patients. 
CAG gained popularity in China and Japan in the past 
decade because, based solely on small phase II studies, it 
is widely believed to be a milder regimen than "3+7" for 
high-risk and elderly AML and MDS patients. It is 
therefore valuable to perform a prospective randomized 
trial in high-risk elderly MDS patients to compare CAG 
with "3+7" for their effects on overall survival. 

There have not been many reports focusing on toxici- 
ties of AML inductions. In the report of "3+7" regimen 
on 326 new AML patients from the Cancer and Leuke- 
mia Group B 8321 study, the overall induction mortality 
was 15% [30]. Data from the Swedish Acute Leukemia 
Registry from all unselected 2767 AML patients found 
an overall ED (30 days from diagnosis) rate of 19% 



(range 4-40% according to age) [5]. The ED rate was 
10% for intensive chemotherapy group, and 34% for pal- 
liative group. The data clearly supported chemotherapy 
for all age groups. In a phase III randomized study com- 
paring high with standard dose daunorubicin in 657 
young (age < 60) AML patients [7], induction mortality 
was 4.5% in the standard group, 5.5% in the high dose 
group (p = 0.60). This study reported cardiac toxicity of 
7.2% in the standard dose group with no reduction in 
ejection fraction. In a separate phase III randomized 
study comparing high with standard dose daunorubicin 
in 813 elderly (age > 60) AML patients [31], 30-day 
mortality was found to be 12% in the standard group, 
11% in the high dose group (p = 0.59). Cardiac toxicity 
was not specified in this study. Kantarjian's group 
reported their 15 years' experience of induction che- 
motherapy on 510 high-risk MDS patients (median age 
63) [34]. The overall ED (death within 7 weeks of induc- 
tion) rate was 17% (topotecan-Ara-C 6%, anthracycline- 
Ara-C 17%, fludarabine-Ara-C 23%). In our analysis, it 
was difficult to quantify toxicities from so many small 
phase II studies, which were from diverse institutions in 
China and Japan with different supportive care stan- 
dards. We therefore chose two relatively objective para- 
meters, cardiotoxicity and ED rate. In this analysis, 
cardiotoxicity was 2.3% and ED was 5.2% among all 
AML and MDS patients. For new AML patients, the ED 
rate was 9.0%, whereas the ED for MDS was only 4.8% 
(Table 6). Taken together all these experiences of induc- 
tion efficacy and toxicities (Table 6), it appears that 
CAG regimen was effective and well tolerated. 

This study has severe limitations. First of all, this 
study is based on 35 trials which were conducted in 
China and Japan, where significant variations in suppor- 
tive care may have existed. In addition, the studies were 
between 1995 and 2010. Newer molecular prognostic 
markers, such as FLT3 and NPM1, were not routinely 
tested in most of the studies. The standard of supportive 
care for AML has changed dramatically over the decade. 
The toxicity data from this analysis may therefore over- 
estimate the adverse events of the regimens under cur- 
rent health care system. Majority of the studies were 
small (only 9 of the 35 studies had 50 or more subjects). 
Although all the studies used similar CAG regimens, the 
dosage of aclarubicin was variable. Due to the small 
sample sizes and ambiguity in reporting the AML status 
in the 7 studies, it was difficult to ascertain whether the 
variation of the aclarubicin dosage could have played 
any role in the outcomes among the different groups of 
AML (new vs R/R) and MDS/t-AML. There was no ran- 
domized study among the 35 reports. CAG was com- 
pared with non-CAG regimens from historical controls 
in the 7 reports. The non-CAG regimens also varied. 
Two of the seven reports did not include anthracyclines. 
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Group by 



Pts type 



Newly diagnosed 
Newly diagnosed 
Newly diagnosed 
Newly diagnosed 
Newly diagnosed 
Newly diagnosed 
Newly diagnosed 
Newly diagnosed 
Newly diagnosed 
Newly diagnosed 
Newly diagnosed 
Newly diagnosed 
Newly diagnosed 
Newly diagnosed 
Newly diagnosed 
R el a psed/ refractory 
Relapsed/refractory 
Relap sed/ ref ra ctory 
R el a p sed/ refractory 
Relapsed/refractory 
Relapsed/refractory 
Relap sed/ refractory 
Relap sed/ refractory 
Relapsed/refractory 
R el a psed/ref ractory 
R el a psed/ refractory 
Relapsed/ref ractory 
Relap sed/ref ractory 
Relap sed/ref ractory 
Relap sed/ refractory 
R el a psed/ refractory 
Overall 



Test of heterogeneity: 

Q=48 608, p=0.009, l 2 =42 .396 



Study name 


Statistics for each study 






Event 


Lower 


Upper 






rate 


limit 


limit 


Total 


Tabata(1998) 


0 625 


0.285 


0 875 


5/8 


Saito (2000) 


0.625 


0.285 


0.875 


5/8 


Hi ray am a (2003) 


0.667 


0.333 


0.889 


6/9 


Kong (2005} 


0 550 


0.336 


0 747 


11 /20 


Yang (2005) 


0 563 


0.324 


0.775 


9/16 


Xie (2006) 


0.480 


0.296 


0.669 


12/25 


Wu (2007) 


0.533 


0.293 


0.759 


8/15 


Qian (2007) 


0 657 


0.488 


0 794 


23/35 


Chen (2008) 


0.676 


0.505 


0 811 


23/34 


Sang (2008) 


0 391 


0.218 


0 598 


9/23 


Ni (2009) 


0 704 


0.510 


0.844 


19/27 


Feng (2010) 


0 563 


0.324 


0 775 


9/16 


Liang (2010.) 


0 609 


0.402 


0 782 


14/23 


Suzushima (2010) 


0.4S5 


0.369 


0 603 


33/68 




0 567 


0.511 


0 620 


186/327 


Yamada (1995) 


0 833 


0.591 


0 945 


15/18 


Sarto(1995) 


0.833 


0.591 


0.945 


15/18 


Saito (1996) 


0.857 


0.676 


0.945 


24/28 


Safto-A (2000) 


0 698 


0.546 


0 816 


30/43 


Li (2005) 


0.475 


0.368 


0.584 


38/80 


Wang (2006) 


0.364 


0.143 


0.661 


4/11 


Qian-A (2007) 


0.417 


0.185 


0692 


5/12 


Guo (2007) 


0.500 


0.200 


0800 


* '3 


Bian (2008) 


0.769 


0.572 


0.892 


20/26 


Chai (2009) 


0.471 


0.255 


0697 


8/17 


Zhu (2009) 


0.467 


0.299 


0642 


14/30 


Ni-A (2009) 


0.441 


0.286 


0608 


15/34 


Ma (2010) 


0.545 


0.268 


0797 


6 / 1 1 


Li (2010) 


0 778 


0.535 


0.914 


14 / 18 


Liang-A (2010) 


0438 


0.225 


0676 


7/16 




0.601 


0.505 


0689 


219/370 




0.575 


0.527 


0622 


405 / 697 



Event rate and 95% CI 




0.00 



0,50 



1.00 



CR rates of CAG regimen 

(1=100%) 



Figure 3 Comparison of complete remission (CR) rates of CAG regimen in new, refractory and relapsed AML patients-Forest plot of 
CR event rates. Summary CR rates of CAG regimen were calculated using the random-effects model. Horizontal lines through the squares 
represent 95% confidence interval (CI). The diamonds represent the overall CR event rate from the meta-analyses and the corresponding 95% 
CIs. The studies that enrolled both new and relapsed/refractory AML were separated into two groups for this analysis, indicated by "-A". CAG: 
cytarabine, aclarubicin and G-CSF. 



Table 4 Efficacy of CAG regimen in AML patients according to karyotypes 



Study 


Year 


Total 

No. 
patients 




No. Patients 






No. CR 






CR % 










Favorable 


Intermediate 


Unfavorable 


Favorable 


Intermediate 


Unfavorable 


Favorable 


Intermediate 


Unfavorable 


Saito [38] 


2000 


63 


6 


27 


30 


5 


19 


9 


83 


70 


29 


Hirayama 
[39] 


2003 


9 


1 


4 


4 


1 


3 


2 


100 


75 


50 


Qian [20] 


2007 


40 


2 


28 


10 


1 


19 


4 


50 


68 


40 


Chen [46] 


2008 


34* 


6 


16 


9 


6 


13 


2 


100 


81 


22 


Zhu [50] 


2009 


30 


4 


21 


5 


2 


12 


0 


50 


57 


0 


Ma [28] 


2010 


31 


3 


18 


10 


1 


14 


2 


33 


78 


20 



Abbreviation: AML: acute myeloid leukemia; CR: complete remission; CAG: cytarabine, aclarubicin and G-CSF; *: karyotyping from 3 patients was indeterminate. 
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Group by 


Study name 










Karyotype 




Event 


Lower 


Upper 








rate 


limit 


limit 


Total 


Favorable 


oano [zuuu) 


U.ooo 




A Q77 


□ / D 


Favorable 


Ulan [ZUUf J 


U.DUU 


A A^Q 


A Q^l 1 

u.y4i 


1 / 1 

\ t £. 


Favorable 


unen [zuvoj 






n nop 




Favorable 


"7hi i fOf)Ad\ 


u.ouu 




A &77 


Z / 4 


Favorable 


Ma (iUl U) 


A 


a n>n 


A 5/iC 

U.<340 


I/O 


Favorable 




A RAfi 
U.uH-O 


A ^7Q 


A RA£l 
U.O40 


\ O i £ \ 


Intermediate 




A 


U.D 1 U 


A RAA 


■id / o7 


Intermediate 


nirayama-A j 


A 7^;n 
U. / DU 


A QT:R 
U.ZOO 


A ORfi 


j / 4 


miermeoiate 


uian-A \zu\jf ) 


A £7Q 


A AQO 

u.4oy 


A QOA 


i y / zo 


iniermeoiaie 


L»nen-A ^zuuo^ 


A ftl ^ 
U.0 10 




A Q^ft 


10/ IO 


Intermediate 


"7h i ■ a /innn\ 
ZnU-A (zLiUs) 


A C71 




a 7cn 
U. r oU 


1 *> f 

1 Z / j£1 


Intermediate 


Ma-A (2010) 


0.77S 


0.535 


0.914 


■1-1 1 IO 

14/18 


Intermediate 




0.696 


0.604 


0.775 


80/114 


Unfavorable 


Saito-B (2000) 


0.300 


0.164 


0.483 


9/30 


Unfavorable 


Hirayama-B (2003) 


0.500 


0.123 


0.877 


2/4 


Unfavorable 


Qian-B (2007) 


0.400 


0.158 


0.703 


4/10 


Unfavorable 


Chen-B (2008) 


0.222 


0.056 


0.579 


2/9 


Unfavorable 


Zhu-B (2009) 


0.083 


0.005 


0.622 


0/5 


Unfavorable 


Ma-B (2010) 


0.200 


0.050 


0.541 


2/ 10 


Unfavorable 




0.295 


0.197 


0.418 


19/68 


Overall 




0.560 


0.482 


0.635 


114/203 



Test of heterogeneity: 
0=35.323, p=0.004, l 2 =54.707 



Event rate and 95% CI 



±=5: 




0.00 0.50 1.00 
CR rates of CAG regimen 
(1=100%) 



Figure 4 Comparison of the CR rates of CAG regimen in AML patients according to karyotypes. Summary CR rates of CAG regimen were 
calculated using the random -effects model. Horizontal lines through the squares represent 95% CIs. The diamonds represent the overall CR 
event rate from the meta-analyses and the corresponding 95% CIs. 



Table 5 CR rates of CAG and non-CAG regimens in AML patients 



Study 


Year 


Total No. 
patients 




No. Patients 




No. CR 




CR % 








CAG 


Non-CAG 


CAG 


Non-CAG 


CAG 


Non-CAG 


Saito [35] 


1995 


35 


18 


17 1 


15 


11 


83 


65 


Chen [46] 


2008 


75 


34 


41 2 


23 


16 


68 


39 


Sang [47] 


2008 


45 


23 


22 3 


9 


7 


39 


32 


Bian [48] 


2008 


46 


26 


26 4 


20 


10 


77 


38 


Zhu [50] 


2009 


50 


30 


20 5 


14 


6 


47 


30 


Li [53] 


2010 


38 


18 


20 6 


14 


14 


78 


70 


Feng [52] 


2010 


32 


16 


16 7 


9 


7 


56 


44 



Abbreviation: AML: acute myeloid leukemia; CR: complete remission; CAG: cytarabine, aclarubicin and G-CSF; 
1: HD-Ara-C+M/ME (high-dose cytarabine plus mitoxantrone with or without etoposide); 
2: TA/HA (pirarubicin plus cytarabine/homoharringtonine plus cytarabine); 

3: DA/HA/IA (daunorubicin plus cytarabine/homoharringtonine plus cytarabine/idarubicin plus cytarabine); 

4: DAH/MAE (daunorubicin plus cytarabine plus homoharringtonine/mitoxantrone plus cytarabine plus etoposide); 

5: DA/IA/MA (daunorubicin plus cytarabine/idarubicin plus cytarabine/mitoxantrone plus cytarabine); 

6: HAG (homoharringtonine plus cytarabine plus GCSF); 

7: HA (homoharringtonine plus cytarabine). 
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Study name 



Statistics for each study 



Odds ratio and 95% CI 





Odds 


Lower 


Upper 








ratio 


limit 


limit 


Z-Value 


p-Value 


Saito(1995) 


2.727 


0.557 


13.365 


1.237 


0.216 


Chen (2008) 


3.267 


1.259 


8.481 


2.432 


0.015 


Sang (2008) 


1.378 


0.404 


4.700 


0.512 


0.609 


Bian (2008) 


5.333 


1.595 


17.829 


2.719 


0.007 


Zhu (2009) 


2.042 


0.618 


6.748 


1.170 


0.242 


Li (2010) 


1.500 


0.346 


6.498 


0.542 


0.588 


Feng (2010) 


1.653 


0.409 


6.682 


0.705 


0.481 




2.425 


1.515 


3.880 


3.692 


0.000 



Test of heterogeneity: 
Q=3.631, p=0.726, l 2 <0.001 




0.01 



0.1 



10 



100 



Favours CR rates of non-CAG Favours CR rates of CAG 



Figure 5 Comparison of the CR rates of CAG regimen and non-CAG regimens in AML patients. Summary Odds ratio (OR) of CR rates of 
CAG regimen versus non-CAG regimen was calculated using the fixed-effects model. Horizontal lines through the squares represent 95% CIs. 
The diamonds represent the overall OR from the meta-analyses and the corresponding 95% CIs. An OR greater than 1 implies that the CR event 
is more likely in the CAG group. 



Study name 


Statistics for each study 






Event 


Lower 


Upper 






rate 


limit 


limit 


Total 


Yamada (1995) 


0.026 


0.002 


0.310 


0/18 


Saito(1995) 


0056 


0008 


0.307 


1/18 


Saito(1996) 


0.017 


0.001 


0.223 


0/28 


Saito (2000) 


0.007 


0000 


0.104 


0/69 


Hirayama (2003) 


0.050 


0.003 


0.475 


0/9 


Li (2005) 


0004 


0.000 


0.067 


0/112 


Kong (2005) 


0.024 


0.001 


0287 


0/20 


Yang (2005) 


0.029 


0.002 


0.336 


0/16 


Huang (2005) 


0.016 


0.001 


0.211 


0/30 


Qian (2005) 


0.023 


0.001 


0.277 


0/21 


Xie (2006) 


0.019 


0.001 


0.244 


0/25 


Liu (2006) 


0.036 


0.002 


0.384 


0/13 


Wang (2006) 


0042 


0003 


0.425 


0/11 


Wu (2007) 


0067 


0009 


0.352 


1/15 


Qian (2007) 


0.010 


0.001 


0.138 


0/50 


Su (2007) 


0029 


0002 


0336 


0/16 


Guo (2007) 


0.056 


0.003 


0.505 


0/8 


Chen (2008) 


0.014 


0.001 


0.191 


0/34 


Sang (2008) 


0.021 


0.001 


0.259 


0/23 


Bian (2008) 


0.019 


0001 


0236 


0/26 


Sui (2008) 


0028 


0.002 


0322 


0/17 


Jin (2008) 


0.033 


0.002 


0.366 


0/14 


Deng (2008) 


0.029 


0.002 


0.336 


0/16 


Chai (2009) 


0.028 


0.002 


0.322 


0/17 


Zhu (2009) 


0.016 


0.001 


0.211 


0/30 


Ni (2009) 


0007 


0000 


0.103 


0/70 


Su (2009) 


0.030 


0.004 


0.186 


1/33 


Feng (2010) 


0.029 


0.002 


0.336 


0/16 


Ma (2010) 


0.016 


0.001 


0.206 


0/31 
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Test of heterogeneity: 
Q=7.117. P=1.000, l 2 <0.001 
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Figure 6 Cardiotoxicity (CT) rate of CAG regimen in AML and MDS patients-Forest plot of CT event rates. Summary CT rates of CAG 
regimen were calculated using the random-effects model. Horizontal lines through the squares represent 95% CIs. The diamonds represent the 
overall CT event rate from the meta-analyses and the corresponding 95% CIs. 
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Study name 



Event 

rail 

Yamada(1995) 0 026 

Saito(1995) 0 026 

Saito(1996) 0.017 

Saitn (2000) 0.007 

Hirayama (2003) 0.111 

LK2QG5) 0.009 

Kong (2005) 0.024 

Yang (2005) 0 063 

Huang (2005) 0 033 

Qian (2005) 0.095 

Xie (2006) 0.120 

Liu (2006) 0.036 

Wang (2006) 0.042 

Wu (2007) 0 067 

Qian (2007) 0.080 

Su (2007) 0.029 

Guo (2007) 0 056 

Chen (2008) 0.014 

Sang (2008) 0.043 

Bian(2008) 0.019 

Sui (2008) 0.028 

Jin (2003) 0.033 

Deng (2006) 0.029 

Chai (2009) 0.028 

Zhu (2009) 0 033 

Ni (2009) 0.057 

Su (2009) 0.015 

Feng (2010) 0.029 

Ma (2010) 0.016 

Li (2010) 0.013 

Liang (2010) 0.167 

Suzushima (2010) 0 221 

Znu (2010) 0.017 

Chen (2010) 0.018 
0052 

Test of heterogeneity: 
Q=50.154. P=0.028, P=34.203 



Figure 7 Early death (ED) rate of CAG regimen in AML and MDS patients. Summary ED rates of CAG regimen were calculated using the 
random -effects model. Horizontal lines through the squares represent 95% CIs. The diamonds represent the overall ED event rate from the 
meta-analyses and the corresponding 95% CIs. 



Table 6 CR rates, ED and Cardiotoxicity rates of CAG and non-CAG induction regimens in new AML and MDS 



Study (ref) 


Disease 


No. Patients 


Age 


Median age 


Regimen 


CR % 


ED % 


CT% 


CALGB 8321 [30] 


AML 


326 


15-83 


NA 


DNR (45 mg/m 2 ) +Ara-C 


61 


15 1 


NR 


ECOG [7] 


AML 


582 


17-60 


48 


DNR (45 mg/m 2 ) +Ara-C 
DNR (90 mg/m 2 ) +Ara-C 


57 
71 


4.5 1 
5.5 1 


7.2 
7.9 


SALR [5] 


AML 


2767 


16-97 


72 


anthracycline + Ara-C 


65 


10 2 


NR 


HOVON and SAKK [31] 


AML 


813 


60-83 


67 


DNR (45 mg/m 2 ) +Ara-C 
DNR (90 mg/m 2 ) +Ara-C 


54 
64 


11 2 
12 2 


NR 


CAG 


AML 


327 


18-88 


NA 


CAG 


57 


9.0 3 


2.8 


Fenaux [33] 


MDS 


358 


38-88 


69 


Azacitidine 
CCR 


17 
8 


11 4 

9 4 


NR 


Kantarjian [34] 


MDS 


510 


17-88 


63 


TA/F A/CAT/I A/DA 


55 


17 5 


NR 


CAG 


MDS 


215 


26-78 


NA 


CAG 


45.7 


4.8 3 


3.1 



Abbreviations: AML: acute myeloid leukemia; MDS: myelodysplastic syndrome; Ref: references; NR: not reported; CR: complete remission; NA: not available; ED: 
early death; CT: cardiotoxicity; DNR: daunorubicin; Ara-C: cytarabine; 3+7: anthracycline plus cytarabine; CAG: cytarabine, aclarubicin and G-CSF; CCR: conventional 
care regimen; TA: Topotecan plus Ara-C; FA: Fludarabine plus Ara-C; CAT: Topotecan plus Ara-C plus cyclophosphamide; DA/IA: daunorubicin or idarubicin plus 
Ara-C; CALGB: Cancer and Leukemia Group B; ECOG: Eastern Cooperative Oncology Group; SALR: Swedish Acute Leukemia Registry; HOVON: Leukemia Working 
Group of the Dutch-Belgian Cooperative Trial Group for Hematology-Oncology; SAKK: Swiss Group for Clinical Cancer Research; 



Superscript numerical indicates the definitions of early death from different studies. 1: induction mortality (time frame not specified); 2: mortality within 30 days 
from diagnosis; 3: mortality within the first 8 weeks of induction treatment; 4: mortality during first 3 months; 5: mortality within 7 weeks of induction therapy. 



istics for each study 
Lower Upper 



Event rate and 95% CI 



limit 


limit 


Total 


0.002 


0.310 


0/18 


0.002 


0.310 


0/18 


0 001 


0.223 


0 / 28 


0:000 


0.104 


0 / 69 


0.015 


0.500 


I / 9 


0.001 


0.061 


1/112 


0.001 


0.287 


0 / 20 


0.009 


0.335 


1/16 


0.005 


0.202 


1 / 30 


0.024 


0.311 


2 / 21 


0.039 


0.313 


3 / 25 


0.002 


0.3S4 


0/13 


0.003 


0.425 


0/11 


0.009 


0.352 


1/15 


0.030 


0.195 


4 / 50 


0.002 


0.336 


0/16 


0.003 


0.505 


0 / 8 


0 DO I 


0.191 


0 / 34 


0.006 


0.252 


1 / 23 


0.001 


0 236 


0/26 


0.002 


0.322 


0/ 17 


0.002 


0.366 


0/ 14 


0.002 


0.336 


0/ 16 


0.002 


0 322 


0/17 


0.005 


0 202 


1/30 


0.022 


0.143 


4/70 


0.001 


0.196 


0/33 


0.002 


0.336 


0/ 16 


0.001 


0.206 


0 / 31 


0.001 


0 175 


0/38 


0.089 


0.290 


9/54 


0 13S 


0.334 


15/63 


0.001 


0.223 


0/28 


0.001 


0.230 


0/27 


0.035 


0.076 


44/1021 




-0.50 0.00 0.50 
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It is therefore possible that the superiority of CAG over 
non-CAG regimen may have been overestimated, even 
when the more stringent fixed-effects model was used. 
Estimation of CR event rates using random-effects 
model may minimize the inherent variances. Finally, 
CAG regimen is used exclusively in China and Japan. It 
is not clear whether similar outcome is reproducible in 
the Western countries. 

In conclusion, CAG regimen was effective and safe for 
the treatment of AML and MDS patients. Its activity 
may vary among these patients with significantly higher 
CR rates observed in AML than MDS. It was as active 
in new AML as in relapsed and refractory AML. CAG 
regimen may be more effective than non-CAG regimen 
with the CR rate of CAG regimen significantly higher 
than those of non-CAG induction regimens in AML 
patients. This regimen was well tolerated with low cardi- 
otoxicity and ED rate. We strongly recommend that 
CAG regimen be compared with standard anthracycline 
plus Ara-C in a prospective randomized study, particu- 
larly in high-risk and elderly AML and MDS patients. 
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